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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The secondary power supply characterized by having the organic electrolytic solution containing the 
positive electrode containing activated carbon, activated carbon and the negative electrode which contains 
occlusion and the carbon material from which it may be desorbed for a lithium ion, and the 4th class onium 
salt and lithium salt. 

[Claim 2] It is the secondary power supply according to claim 1 by which activated carbon is contained ten to 
80% of the weight in the total amount of activated carbon and the aforementioned carbon material in a 
negative electrode. 

[Claim 3] The secondary power supply according to claim 1 or 2 by which 0.5 - 2.5 mol/L and lithium salt are 
contained in the organic electrolytic solution for the 4th class onium salt 0.5 to 2.0 mol/L. 
[Claim 4] The secondary power supply according to claim 1, 2, or 3 in which the lithium content transition- 
metals oxide containing one or more sorts chosen as a positive electrode from the group which consists of V, 
Fe, Co, Mn, nickel, W, and Zn, and a lithium is contained. 

[Claim 5] The secondary power supply according to claim 4 whose lithium content transition-metals oxide is 
LixCoyNil-y02 or LizMn 204 (however, 0< x<2, 0<=y<=l, 0< z<2.). 

[Claim 6] A lithium content transition-metals oxide is a secondary power supply according to claim 4 or 5 
contained five to 80% of the weight all over a positive electrode. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] The withstand voltage of this invention is high, and its 
capacity is large, and it relates to a secondary power supply with high rapid charge-and-discharge cycle 
reliability. 
[0002] 

[Description of the Prior Art] The polarizable electrode to which a positive electrode and a negative electrode 
make activated carbon a subject is used for the electrode of the conventional electric double layer capacitor. 
The withstand voltages of an electric double layer capacitor are 2.5-3.3 V, when 1.2V and the organic system 
electrolytic solution will be used, if the drainage system electrolytic solution is used. Since the energy of an 
electric double layer capacitor is proportional to the square of a withstand voltage, the direction of the organic 
high electrolytic solution of a withstand voltage is a high energy from the drainage system electrolytic 
solution. 

[0003] However, also with the electric double layer capacitor which used the organic electrolytic solution, the 
energy density is 1/10 or less [ of rechargeable batteries such as a lead accumulator, ], and improvement in the 
further energy density is needed. Although it is most effective for improvement in an energy density of an 
electric double layer capacitor to make voltage high, if voltage is made high, decomposition of the electrolytic 
solution will take place and a life will be affected greatly. 
[0004] 

[Problem(s) to be Solved by the Invention] Then, an energy density is high at a high withstand voltage and 
high capacity, and this invention aims at offering a secondary power supply with high charge-and-discharge 
cycle reliability. 
[0005] 

[Means for Solving the Problem] this invention offers the secondary power supply characterized by having the 
organic electrolytic solution containing the positive electrode containing activated carbon, activated carbon 
and the negative electrode which contains occlusion and the carbon material from which it may be desorbed 
for a lithium ion, and the 4th class onium salt and lithium salt. 

[0006] In this specification, the thing which joined the positive electrode and charge collector containing 
activated carbon or activated carbon, and a lithium content transition-metals oxide, and was made to unify is 
called positive-electrode object. It considers as the definition with the same said of a negative-electrode 
object. Moreover, although a rechargeable battery and electric double layer capacitor is also one sort of a 
secondary power supply, on these specifications, the secondary power supply of the specific composition 
which contains in a negative electrode occlusion and the carbon material from which it may be desorbed for 
activated carbon and a lithium ion in a positive electrode including activated carbon is only called secondary 
power supply. 
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[0007] With the secondary power supply of this invention, at the time of charge, the anion in the electrolytic 
solution sticks to activated carbon, a lithium ion and the 4th class onium ion stick to activated carbon, and 
occlusion of the lithium ion is carried out to occlusion and the carbon material from which it may be desorbed 
in a lithium ion by the negative electrode in a positive electrode. In addition, on these specifications, 
adsorption means adsorption to the activated carbon of the ion by electric double layer formation at the time 
of charge, and it calls the reaction accompanied by charge transfer occlusion at the same time ion is 
incorporated by the electrode. Moreover, it is called desorption that ion separates from activated carbon at the 
time of electric discharge, and the thing accompanied by charge transfer is called desorption at the same time 
ion separates. 

[0008] At the time of electric discharge of this secondary power supply, the desorption of the anion which is 
sticking to activated carbon happens, and the desorption of the lithium ion and the 4th class onium ion which 
are sticking to activated carbon happens by the negative electrode in a positive electrode. The 4th class onium 
ion remains from activated carbon in part to activated carbon, without a desorption plain-gauze cone carrying 
out the desorption of all for a lithium ion. Therefore, the potential of the negative electrode at the time of an 
electric discharge end becomes ** from the rest potential of the negative electrode before the first charge. 
[0009] Then, if it charges again, adsorption of the 4th class onium ion will take place from **** potential to 
the above-mentioned activated carbon from the rest potential of activated carbon original That is, since 
charge of a negative electrode can be performed in **** potential from a rest potential, the withstand voltage 
of a secondary power supply is raised. 

[0010] If a lithium ion is generally used for occlusion and the carbon material from which it may be desorbed 
as a negative-electrode active material, although large capacity will be acquired for a lithium ion according to 
occlusion and the electrochemical reaction from which it is desorbed to a carbon material, a capacity fall is 
remarkable when it discharges by the high current. However, occlusion and in the case of the charge and 
discharge by the high current although it ****s, a lithium ion is hardly reacted, respectively at the time of 
charge according [ occlusion and the carbon material from which it may be desorbed ] the lithium ion of the 
negative electrode in this invention to a small current comparatively, and electric discharge. In the case of the 
charge and discharge by the high current, with the secondary power supply of this invention, the physical 
reaction of the adsorption and desorption of ion to activated carbon occurs. In the case of a physical reaction, 
although capacity is small, even if it repeats high current charge and discharge, it has few capacity falls. 
[001 1] That is, in this invention, although it is occlusion, the carbon material from which it may be desorbed, 
and low capacity about the lithium ion of high capacity, when a capacity fall uses mixture with few activated 
carbon for a negative electrode to high current charge and discharge, it is high capacity and the capacity fall 
by high current electric discharge may serve as a few negative electrode. 

[0012] The amount of the activated carbon contained in a negative electrode has 10 - 80 desirable % of the 
weight in activated carbon and a lithium ion in occlusion and a total amount with the carbon material from 
which it may be desorbed. At less than 10 % of the weight, the fall of the capacity of the secondary power 
supply by high current electric discharge is remarkable. In **, the capacity of the negative electrode itself 
becomes small 80% of the weight, and capacity of a secondary power supply cannot be enlarged. Especially 
the amount of activated carbon has 30 : 70 desirable % of the weight. 

[0013] In this invention, the 4th class onium ion and a lithium ion are contained as a cation in the organic 
electrolytic solution. As the 4th class onium ion, the 4th class ammonium ion or the 4th class phosphonium 
ion is desirable, and 4P+ ion, 4 (C2H5)N+ ion, 3(C2H5) (CH3) N+ ion, etc. are especially (C2H5) desirable. 
[0014] Moreover, it is the anion of the 4th class onium salt and lithium salt, and the anion contained in the 
organic electrolytic solution has one or more desirable kinds chosen from the group which consists of PF6-, 
BF4-, C104-, N(CF3S02)2-, CF3S03-, C(S02CF3)3-, AsF6-, and SbF6-, and especially its BF4- is desirable, 
in addition, even if the anion of lithium salt is the same as the anion of the 4th class onium salt, they may 
differ 
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[0015] As for the concentration of the 4th class onium salt contained in the organic electrolytic solution, and 
lithium salt, it is desirable that the 4th class onium salts are [ 0.5 - 2.5 mol/L and lithium salt ] 0.5 - 2.0 mol/L, 
and it is desirable that lithium salt is especially 0.8 - 1.5 mol/L, and lithium salt is 0.8 - 1.5 mol/L. 
[0016] The solvent of the organic electrolytic solution has one or more desirable sorts chosen from the group 
which consists of ethylene carbonate, propylene carbonate, butylene carbonate, dimethyl carbonate, ethyl 
methyl carbonate, diethyl carbonate, a sulfolane, and dimethoxyethane. 

[0017] The activated carbon contained in a positive electrode and a negative electrode has the same desirable 
thing which specific surface area of all is 300-3000m2/g, although you may differ but. The raw material of 
activated carbon and especially activation conditions are not limited, for example, coconuts are mentioned for 
phenol resin, petroleum coke, etc. as a raw material, and a steam activation method, a melting alkali 
aktivationsmethode, etc. are mentioned as the activation method. 

[0018] In order to raise the capacity of the secondary power supply of this invention, it is desirable that a 
lithium content transition-metals oxide is contained in a positive electrode. The lithium content transition- 
metals oxide of the one or more sorts and lithium which are chosen from the group which consists of V, Fe, 
Co, Mn, nickel, W, and Zn is desirable, and LixCoyNil-y02 or LizMn 204 (however, 0< x<2, 0<=y<=l, 0< 
z<2.) is especially desirable. The capacity of a positive electrode increases by containing a lithium content 
transition-metals oxide, and if the lithium ion of a negative electrode increases the amount of occlusion and 
the carbon material from which it may be desorbed according to it, a secondary power supply will be made 
more to high capacity. 

[0019] 5 - 80% of the weight of the total amount of activated carbon and a lithium content transition-metals 
oxide of the amount of the lithium content transition-metals oxide in a positive electrode is desirable. The 
effect that a lithium content transition-metals oxide is contained in a positive electrode as it is less than 5 % of 
the weight is small, and does not have the voltage of a secondary power supply raised. If it exceeds 80 % of 
the weight, since the amount of the activated carbon in a positive electrode will decrease relatively, the 
capacity reduction in a charge-and-discharge cycle becomes remarkable. It is 10 - 60 % of the weight more 
preferably. 

[0020] Moreover, in order to make resistance of a positive electrode low, it is desirable that conductive carbon 
black or a conductive graphite is contained as electric conduction material all over a positive electrode. As for 
electric conduction material, at this time, it is desirable to be contained 0.1 to 20% of the weight all over a 
positive electrode. 

[0021] As for the carbon material which can carry out occlusion desorption of the lithium ion contained in a 
negative electrode in this invention, it is desirable that the spacing of the [002] sides by X diffraction 
measurement is 0.335-0.410nm. As for the carbon material of 0.410nm **, a spacing tends to deteriorate in a 
charge-and-discharge cycle. The material which specifically heat-treated petroleum coke, the mesophase pitch 
system carbon material, or the vapor-growth carbon fiber at 800-3000 degrees C, a natural graphite, an 
artificial graphite, a difficulty graphite nature carbon material, etc. are mentioned. 

[0022] As the production method of a positive-electrode object, after kneading the mixture of activated carbon 
powder, the carbon black as electric conduction material, and the polytetrafluoroethylene as a binder, for 
example, it fabricates in the shape of a sheet, and considers as a positive electrode, and there is the method of 
using an electroconductive glue for a charge collector and fixing this positive electrode to it. Moreover, the 
varnish which dissolved the poly vinylidene fluoride, the polyamidoimide, the polyimide, etc. as a binder is 
made to distribute activated carbon powder and carbon black, by the doctor blade method etc., on a charge 
collector, coating of this may be carried out, and it may be dried and obtained. When a lithium content 
transition-metals oxide is contained in a positive electrode, the mixture of activated carbon powder and 
lithium content transition-metals oxide powder is used instead of the above-mentioned activated carbon 
powder, and it can produce similarly. 

[0023] As for the amount of the binder contained in a positive electrode, it is desirable that it is 1 - 20 % of 
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the weight from the balance of the intensity of a positive-electrode object and properties, such as capacity. 
Moreover, also as for a negative-electrode object, producing like a positive-electrode object is desirable, and it 
is [ the amount of the binder contained in a negative-electrode object ] desirable. [ of 1 - 20 % of the weight ] 
[0024] 

[Example] Next, this invention is not limited by these although an example (Examples 1-4) and the example 
of comparison (Example 5) explain this invention still more concretely. In addition, the dew-point performed 
all of production and measurement of the cell in Examples 1-5 in the argon glove box -60 degrees C or less. 
[0025] [Example 1] After having added ethanol, kneading the mixture which consists the activated carbon of 
specific-surface-area of 2000m 2/g obtained by the steam activation method by using phenol resin as a raw 
material 80% of the weight, and consists a polytetrafluoroethylene of 10 % of the weight considering 
conductive carbon black as 10 % of the weight and a binder and rolling it out, the vacuum drying was carried 
out at 200 degrees C for 2 hours, and the electrode sheet with a thickness of 150 micrometers was obtained. 
This sheet was joined to the aluminum foil using the electroconductive glue which uses a polyamidoimide as a 
binder, and it heat-treated at 300 degrees C under reduced pressure for 2 hours, and considered as the positive- 
electrode object. In addition, electrode area was set to 2 24cm. 

[0026] Ethanol was added, the mixture which the spacing of the [002] sides acquired by heat-treating 
petroleum coke 70% of the weight in the activated carbon used for the positive-electrode object is 0.344nm, 
and become in a lithium ion about occlusion and the carbon material from which it may be desorbed, and it 
becomes from 10 % of the weight about a polytetrafluoroethylene 10% of the weight considering carbon black 
as 10 % of the weight and a binder was kneaded, and the electrode sheet with a thickness of 150 micrometers 
was produced by the same method as a positive electrode. It joined to copper foil like the positive electrode 
using the electroconductive glue which uses a polyamidoimide as a binder, and this sheet was heat-treated at 
300 degrees C under reduced pressure for 2 hours, and was used as the negative-electrode object. In addition, 
electrode area was set to 2 24cm. 

[0027] The above-mentioned positive-electrode object and the above-mentioned negative-electrode object 
were made to counter through the nonwoven fabric separator made from polypropylene, were pinched, and the 
element was produced. The solution which dissolved LiBF4 of 3(C2H5) (CH3) NBF4 of 1 mol/L and 1 mol/L 
at propylene carbonate is made into the electrolytic solution, and the aforementioned element was fully 
infiltrated into this electrolytic solution, and first, by 3.2V, it charged for 24 hours and discharged to after that 
IV. Next, initial capacity was measured in the ranges from 3.2V to IV. Then, by 240mA of charge and 
discharge currents, the charge-and-discharge cycle examination was performed in the ranges from 3.2V to IV, 
the capacity after 2000 cycles was measured, and capacity rate of change was computed. A result is shown in 
Table 1. 

[0028] [Example 2] The negative-electrode object was acquired [ the mixing ratio of the electrode sheet of a 
negative electrode ] for activated carbon like Example 1 except having changed occlusion and the carbon 
material from which it may be desorbed, and having changed [ 40 % of the weight and the lithium ion ] the 
polytetrafluoroethylene for carbon black to 10% of the weight as 10 % of the weight and a binder 40% of the 
weight. Except having used this negative-electrode object, the element was produced like Example 1 and the 
electrolytic solution was infiltrated like Example 1. It was similarly estimated as Example 1 using this 
element. A result is shown in Table 1. 

[0029] [Example 3] Activated carbon was carried out 80% of the weight, and the positive-electrode object 
was acquired [ conductive carbon black ] for 10 % of the weight and the polytetrafluoroethylene like Example 
1 instead of 10% of the weight of mixture except having used conductive carbon black for LiCo02 20% of 
the weight 60% of the weight, and having used [ activated carbon ] 10% of the weight of mixture for 10 % of 
the weight and the polytetrafluoroethylene. 

[0030] Except having used the above-mentioned positive-electrode object, the element was produced like 
Example 1 and it was similarly estimated as Example 1. A result is shown in Table 1. 
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[0031] [Example 4] The positive-electrode object was acquired like Example 3 except having used 
LiCo0.2nickel 0.8O2 instead of LiCo02. Except having used this positive-electrode object, the element was 
produced like Example 1 and it was similarly estimated as Example 1. A result is shown in Table L 
[0032] [Example 5] Except having used also for the positive-electrode object the positive-electrode object 
acquired by the negative-electrode object in Example 1, the element was produced like Example 1, capacity 
was measured like Example 1, and it was similarly estimated as Example 1. A result is shown in Table 1. 
[0033] 



[Table 1] 




WW®* (mAh) 


(%) 


011 


4.8 3 


-8. 6 


012 


6. 32 


-9. 8 


#13 


1 1. 7 


-9. 9 


M4 


1 2. 6 


-10.2 




3. 64 


-54. 7 



[0034] 

[Effect of the Invention] the secondary power supply of this invention a negative electrode - setting ~ the 
charge and discharge in comparatively big current - the 4th class onium ion - adsorption and desorption - 
carrying out - the charge and discharge in comparatively small current a lithium ion - occlusion and the 
carbon material from which it may be desorbed - a lithium ion - occlusion - it ****s Therefore, in the 
lithium ion by the charge and discharge in big current, there is little degradation of occlusion and the carbon 
material from which it may be desorbed, and it is excellent in the rapid charge-and-discharge property. 
[0035] Moreover, since the potential of the activated carbon contained in a negative electrode is ** from the 
rest potential, the secondary power supply of this invention has a high withstand voltage. Furthermore, since 
occlusion and the carbon material from which it may be desorbed are contained in the negative electrode in 
the lithium ion, it is high capacity. 



[Translation done.] 
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